evidence of significant elevation in serum creatine kinase (CK). The diagnosis of AMI was based on clinical symptoms, ECG evidence (ST elevation of at least 0.1 mV in 2 or more leads of ECG), coronary angiography findings (principal coronary artery occlusion: TIMI grade 0 or 1), and increased serum enzyme levels. In this study, we evaluated the patient who was the first to experience a myocardial infarction. In patients with AMI, the average time from the onset of symptoms to admission was 4.6±0.7 h (mean ± SE), with a range of 0.5-12 h. Patients with liver disease and lung disease and other active inflammatory disease were excluded.
The study was approved by the institutional ethics committee, and all patients and control subjects gave their written informed consent. The procedure followed was in accordance with institutional guidelines.
Heparin has been shown to be a potent enhancer of HGF synthesis in various types of cells. Cell-surface binding proteins may be involved in signal transduction, which links the binding of heparin/heparin sulfate to the translational stimulation of HGF synthesis. 1 We tested the influence of heparin injection on the measurement of serum HGF concentration. During routine diagnostic cardiac catheterization, 3,000 units of heparin were injected into the femoral artery or vein of 10 patients and blood samples were collected immediately before the injection, after 30 min, and after 18 h. A marked increase in serum HGF concentration was measured 30 min after injecting the 3,000 units of heparin, and the level declined to its previous range 18 h after the injection (Fig 1) . Therefore, in the present study, we took blood samples before or at least 24 h after heparin injection.
Study Protocols
Blood samples were collected at the time of admission from patients with UAP and AMI. All patients were immediately taken to the cardiac catheterization laboratory where coronary arteriography was performed. After angiography, percutaneous transluminal coronary angioplasty (PTCA) was performed in 13 of 22 patients with UAP and 51 of 60 patients with AMI. PTCA was performed in the ischemia-related artery only, with the goal of obtaining less than 25% residual stenosis. Intravenous heparin (5,000-20,000 units/day) was maintained for 24-96 h. We studied the HGF levels of 31 of the 51 AMI patients who underwent PTCA on days 7, 14, and 21 after the onset of AMI. We also studied serum CK-MB isoenzyme every 3 h until the serum levels peaked.
Venous blood samples were obtained on admission to the hospital, every 6 h until the peak CK or CK-MB levels was determined, and then every 24 h for at least 10 days. Serum samples were stored at -70°C and were later analyzed to determine CK, CK-MB and CRP levels. CRP levels were measured by latex photometric immunoassay (LPIA-CRP, Mitsubishi Chemical, Inc) with the use of an autoanalyzer (Hitachi 7450). Serum HGF was measured with solid phase enzyme-linked immunosorbent assay (ELISA), using a kit manufactured by Otsuka Pharmaceutical Co Ltd, Japan.
Statistical Analysis
All data are expressed as mean value ± SE. Unpaired ttest was performed to compare with normal subjects. Data were analyzed with Duncan's multiple-range test for multiple comparisons preceded by a one-way analysis of variance. Correlation between the values of HGF and those of CK and its MB isoenzyme was analyzed by liner regression analysis. A p value of less than 0.05 was considered statistically significant.
Results
The clinical characteristics of the normal, UAP and AMI groups are presented in Table 1 . The average time from the onset of AMI symptoms to admission was 4.6±0.7 h (mean ± SE), with a range of 0.5-12 h. Serum HGF levels on admission were significantly increased in patients with UAP (0.30±0.03 ng/ml, p<0.05) and with AMI (0.27±0.02 ng/ml, p<0.01) compared with normal subjects (0.19±0.01 ng/ml) (Fig 2A) . There was no significant difference be- tween UAP and AMI. Even in the early stage of AMI (21 males, 13 females; within 3 h of onset of chest pain, the average time was 1.8±0.1 h), serum HGF levels were already elevated (0.25±0.09 ng/ml, p<0.05) (Fig 2B) . There was no significant correlation between the serum HGF levels and serum CK and MB isoenzyme levels in AMI patients on admission. HGF is a powerful proliferative factor of vascular endothelial cells, so we assessed the correlation between serum HGF levels and collateral vessel growth. We divided the AMI patients into 4 groups, according to their collateral vessel growth (Rentrop classification 0, 1, 2, 3) on coronary angiography on admission. No statistical difference was found among the groups (Fig 3) .
For 51 of the 60 patients with AMI, percutaneous transluminal coronary angioplasties were performed immediately, and we took blood samples from 31 of them on days 7, 14, and 21 after their onset of AMI. Serum HGF levels tended to peak on day 7 (0.34±0.04 ng/ml, p<0.05: compared with the levels of admission) and had decreased by day 14 (0.25±0.01 ng/ml) and further decreased to almost normal by day 21 (0.22±0.01 ng/ml) (Fig 4) . A weak correlation was found between peak CK and peak MB isoenzyme levels and serum HGF levels on day 7 (r=0.35: p<0.05, r=0.36: p<0.05, respectively) (Fig 5A,B) . A statistically significant correlation was found between peak CRP level and serum HGF levels on day 7 (r=0.62: p<0.001) (Fig 6) .
Discussion
Our study has shown that, for the patients with AMI (who undergo PTCA in the acute phase), the serum HGF concentrations tend to peak on day 7, and then gradually decrease to almost normal levels by day 21 after onset. Myocardial damage because of ischemia is affected by alterations of the physiological properties of the muscular fibers, release of cytosolic components (myoglobin and enzymes), and finally cell necrosis. Tissue necrosis caused by ischemia results in a local and systemic inflammatory reaction, depending on the magnitude of the infarct. C- Fig 2. (A) Comparison of serum HGF concentrations on admission. The levels of HGF in acute myocardial infarction and unstable angina pectoris were significantly increased. (B) Serum HGF concentration in acute myocardial infarction. Even in the early period (less than 3 h from onset of chest pain), the serum HGF concentration was already elevated. *p<0.05, **p<0.01 vs normal subjects. Correlation between serum HGF concentration and peak CK (A) or peak CK-MB levels (B). In patients with AMI, there was statistically significant correlation between serum HGF concentration on day 7 and peak CK or peak CK-MB levels. reactive protein is a non-specific, commonly used marker of the acute inflammatory response; inflammatory cells release cytokines that stimulate hepatocytes to release CRP and inflammatory cytokine reportedly stimulated HGF production in cultured cells. 13 In the present study, peak serum HGF levels in patients with AMI apparently correlated well with peak serum CRP levels, whereas there was only a weak relation between peak HGF levels and peak CK activity. It is possible that the serum CRP level reflects the process of infarct healing rather than the extent of myocardial necrosis. We suspect that the inflammatory reaction may cause the increased HGF levels in patients with AMI.
We observed that the serum HGF concentration was significantly higher in patients with AMI than in normal subjects, even in the early stage of AMI (less than 3 h from onset of chest pain). Several clinical reports 5, 6, 14 have shown that the serum HGF concentration is increased at the time of admission in patients with AMI, which is compatible with our results. Those reports also demonstrated marked increases in circulating HGF during the early stage of AMI; however, the average value for HGF on admission in patients with AMI was more than 20 times the value found in the present AMI group. Those authors did not state whether heparin, which can increase the serum HGF level, had been administered when they took blood samples. We demonstrated that heparin dramatically increases the HGF level, which only declined to its previous range 18 h after heparin injection. Therefore, the HGF levels recorded in the previous studies may have been influenced by heparin. In the presenty study, the HGF level was increased during the early phase of AMI prior to the administration of heparin.
Interestingly, the serum HGF levels in the UAP patients on admission were similarly elevated to those in the AMI cases. An increased HGF level in UAP patients was reported by Tanaka et al. 15, 16 We cannot propose the precise mechanism of the increased HGF level in UAP or during the early stage of AMI. The pathophysiology of acute coronary syndromes is characterized by plaque disruption and thrombus formation. 17 UAP is characterized by increased levels of the acute phase reactants fibrinogen, CRP, serum amyloid A protein and the cytokine interleukin (IL)-6, the major inducer of CRP production in the liver. [18] [19] [20] Studies of atherectomy samples from human coronary lesions show an association of a variety of cytokines and growth factors, including transforming growth factor (TGF-), 21 basic fibroblast growth factor (bFGF) 22 and platelet derived growth factor-I (PDGF-I) 23 with coronary atherogenesis and plaque rapture. There may be a connection between the inflammatory reaction and peptide growth factor, and we suspect that the inflammatory reaction in acute coronary syndromes induces HGF production in the liver or cardiovascular system, although we do not have any direct evidence.
Our data suggest that HGF production may be related to the inflammatory response in AMI and may be increased even before the infarction occurs. Serum HGF may play an important role in the pathophysiology of AMI.
